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ABSTRACT 

This paper contains an analysis of short Chandra observations of 19 3C sources with redshifts 
between 0.3 and 0.5 not previously observed in the X-rays. This sample is part of a project to obtain 
Chandra data for all of the extragalactic sources in the 3C catalogue. Nuclear X-ray intensities as 
well as any X-ray emission associated with radio jet knots, hotspots or lobes have been measured in 3 
energy bands: soft, medium and hard. Standard X-ray spectral analysis for the 4 brightest nuclei has 
been also performed. X-ray emission was detected for all the nuclei of the radio sources in the current 
sample with the exception of 3C435A. There is one compact steep spectrum (CSS) source while all 
the others are FRII radio galaxies. X-ray emission from two galaxy clusters (3C 19 and 3C 320); from 
6 hotspots in 4 radio galaxies (3C 16, 3C 19, 3C 268.2, 3C313); and extended X-ray emission on kpc 
scales in 3C 187 and 3C 313, has been detected. 
Subject headings: galaxies: active — X-rays: general — radio continuum: galaxies 
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1. INTRODUCTION 

The revised version of the Third 
catalog presented in Spinard et al. 

extragalactic radio sources (see also 

[Mackay 197H for additional information) . In" recent 
years, the large majority of these sources has been ob- 
served with several photometric and spectroscopic snap- 
shot surveys approaching the statistical completeness of 
the 3C (radio flux limited) sample. The Hubble Space 
Telescope (HST) already completed an optical snapshot 
survey of the 3C sources at redshift lower tha n 0.3 (e.g., 
Chiaberge et al. 2000| [Tremblay et al. 2009| and refer- 
ence therein) while ground based spectroscopic obser- 
vations h ave been carried ou t with the Galileo Tele- 
scope (Buttiglione et al. 2009D . In addition, radio im- 
ages with arcsecond resolution for the majority of the 3C 
sources are available from the NRAO VLA Archive Sur- 
vey (NVASjjand in the archives of the Very Large Array 
(VLA) and MERLIN observatories. Recently, a piece- 
meal approach of obtaining Chandra observations for all 
the 3C extragalactic sources below redshift 0.3 was com- 
pleted (Mass aro et al. 20101 IMassaro et al. 20121 here- 
inafter Paperl and Paper2, respectively). Chandra is the 
only X-ray facility with angular resolution comparable to 
that at optical and radio frequencies. 

In this paper we provide source parameters for 19 pre- 
viously unobserved (by Chandra) 3C sources with red- 
shifts between 0.3 and 0.5. With these data, the Chan- 
dra coverage of 3CR sources with z<0.5 is complete ex- 
cept for the following: one quasar, 3 unclassified sources. 
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and 1 FRII radio galaxy which had no redshift listed in 
Spinrad et al. (1985). We plan to include all of these in 
our next Chandra Snapshot proposal. Our eventual goal 
is to have observations of all 3C extragalactic sources in 
the Chandra archives. As has been amply demonstrated 
by the observations of sub samples (Cycle 9 and Cycle 
12) even with relatively short exposures, almost all nu- 
clei and occasionally X-ray emission associated with jet 
knots, hotspots, lobes, and hot thermal gas (i.e. ICM of 
groups or clusters of galaxie s) have been clearly detected. 

The whole 3CR sample ( Spinrad et al. 1985[ ) contains 
158 FR II radio galaxies, 39 FR I radio galaxies, 57 
quasars, 2 Seyfert galaxies, 2 BL Lacs, 20 unidentified, 
and 20 unclassified sources. Of these, 74 are still unob- 
served by Chandra and to the best of our knowledge, 26 
have no redshift (see Appendix [A] for specifics) . 

In Paper I, data reduction and analysis procedures, 
developed for this project, were presented together with 
the results for the first 30 radio sources. In Paper II, 
a similar investigation of an additional 27 sources, to 
complete the sample to z <0.3 has been carried out. 

The paper is organized as follows: a brief description of 
the observations and data reduction procedures is given 
in §|2] while source details are given in § |3] Then, §[4] is 
devoted to our summary and conclusions. 

For numerical results, cgs units are used unless stated 
otherwise and a fiat cosmology was assumed with Hq = 
72 km s~^ Mpc~\ Qm = 0.27 and Qa = 0.73 
dDunkley et al. 2009] ). Spectral indices, a, are defined 
by flux density, S^^ oc z/~". 

2. OBSERVATIONS, DATA REDUCTION, AND BASIC 
PARAMETERS 

Data reduction and data analysis procedures have been 
extensively described in Paper I and II, thus only the 
basic details are reported here. 

The 3C source sample observed during Cycle 13 is 
listed in Table [l] together with their salient parameters. 
Each source was observed for a nominal 12 ksec, and 
the actual livetimes are given in Table |2J together with 
the nuclear X-ray fiuxes. It is worth noting that in Cy- 
cle 13 the Chandra exposure time per single source has 
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been increased by 50% with respect to the previous 3C 
snapshot survey carried out in Cycles 9 and 12 observed 
with 8 ksec nominal exposure. The ACIS-S back illumi- 
nated chip in VERY FAINT mode with standard frame 
times (3.2s) has been used. All the observations had 4 
chips turned on: 12, 13, S2, and S3. The data reduction 
has been performed following the standard reduction pro- 
cedure described in the Chandra Interactive Analysis of 
Observations (CIAO) thread^ using CIAO v4.4 and the 
Chandra Calibration Database (CALDB) version 4.5.3. 

Level 2 event files were generated using the 
acts .process .events task and events were filtered for 
grades 0,2,3,4,6. Lightcurves were also extracted for ev- 
ery dataset to verify the absence of high background in- 
tervals. Astrometric registration was achieved by chang- 
ing the appropriate keywords in the fits header so as to 
align the nuclear X-ray position with that of the radio 
(see Section 2 in Paper II). 

2.1. Fluxmaps 

Three different fluxmaps were created in the energy 
ranges: 0.5 - 1 keV (soft), 1-2 keV (medium), 2-7 keV 
(hard), by filtering the event file with the appropriate 
energy range and dividing the data with monochromatic 
exposure maps (with nominal energies of soft=0.8keV, 
medium=1.4keV, and hard=4keV). 

To recover the angular resolution of the Chandra mir- 
rors, the undersampling imposed by the ACIS pixel size 
was avoided by regridding to obtain pixel sizes of 0.1 23'^ 
or smaller. For sources of large angular extent 1/2 or no 
regridding was used. 

To obtain maps with brightness units of 
ergs cm~^ s~^ pixel"^, each event was multiplied 
by the nominal energy of its respective band (see 
Section 2.1 of Paper II for additional details). 

To measure observed fluxes for any feature, an appro- 
priate region (usually circular) was chosen. For the nu- 
clei, regions of 2" radius have been used while for other 
features the size is given in Table [3J For each feature, 
background circular regions, with the same size described 
above, were chosen so as to avoid contaminating X-ray 
emission (and also radio emission) and to sample both 
sides of jet features or two areas close to hotspots. X-ray 
fluxes measured for the nuclei are given in Table [2] while 
those of the hotspots and knots in Table |3] 

2.2. Fluxes for the two nuclei affected by pileup 

Two of the detected nuclei had count rates exceed- 
ing the adopted pileup threshold of 0.2 counts per frame 
(see Section 2.3 in Paper II). These are 3C 327.1 (0.45 
counts/frame) and 3C411 (0.75 count s / fr ame ) . Since 
pileup serves to move events to higher energies, it was 
not possible to use fluxmaps to measure fluxes in the 3 
bands. Instead, the jdpileup spectral fitting was adopted 
(§ 2.3) to determine the appropriate fluxes. In addi- 
tion tlie_^1ight bucket" method developed for the M87 
jet r Harris et al. 2006j) to obtain a rough estimate of the 
total flux has been also used. The energies of all source 
events in the evtl file (i.e. no grade filtering so as to re- 
cover events rejected in evt2 files because of grade migra- 
tion) from 0.5 to some high energy such as 11 or 14 keV 

^ http://cxc.harvard.edu/ciao/guides/index.html 



(determined by inspection) have been summed. Convert- 
ing the resulting values of keV/s to cgs is a very inaccu- 
rate process since it is not possible to know the effective 
area for each of the photons comprising a piled event. 
Adopting a global effective area of 480 cm^ should pro- 
vide a reasonable flux estimate unless these nuclei have 
an intrinsic spectrum much harder than that of the knot 
HST-1 in the M87 jet. If that were to be the case, we 
should have used a smaller effective area, and our fluxes 
using 480 cm^ would be lower limits. 

2.3. X-ray Spectral Analysis of the stronger nuclei 

As already done for the 3C sources observed by Chan- 
dra in Cycles 9 and 12, the X-ray spectral analysis for the 
nuclei containing 250 or more counts was performed to 
estimate their X-ray spectral indices ax and the presence 
or absence of significant intrinsic absorption Nh (z) . The 
spectral analysis was carried out using the XSPEC version 
12.6 software package (Arnaud 1996). 

The spectral data were extracted from a l'^5 aper- 
ture using the CIAO 4.4 routine specextract, thereby 
automating the creation of count- weighted response ma- 
trices. The background-subtracted spectra were then fil- 
tered in energy between 0.3-7 keV, and binned to a min- 
imum of 30 counts per bin to ensure the validity of x^ 
statistics. 

Each source was fitted with two multiplicative models: 
(1) a simple redshifted powerlaw with Galactic and in- 
trinsic photoelectric absorption components 
(phabsxzphabsxzpowerlaw in XSPEC syntax), 
and (2) the same model with an additional pileup com- 
ponent, 

(pileup X phabsxzphabsxzpowerlaw), using the XSPEC 
implementation of the Chandra pileup model described 
by Davis (2001). The grade migration parameter was set 
to unity. For the two piled sources (3C 327.1 and 3C 411), 
the values of ax for the jdpileup model are significantly 
larger (and are to be preferred) than the values from the 
standard fits. 

Pr ior to fitting, the Milk y Way hydrogen column den- 
sity (|Kalberla et al. 2005^ and the source redshift were 
fixed to the values reported in Table [l] The two 
main variable parameters, namely the intrinsic absorp- 
tion Nh (z) and X-ray spectral index ax were allowed to 
vary in a first pass fit, but subsequently stepped through 
a range of possible physical values to explore the parame- 
ter space, determine 90% confidence intervals, and quan- 
tify the degree to which N// {z) and ax are degenerate. 
Monte Carlo Markov Chains were created to further aid 
our understanding of these behaviors. It is worth noting 
that those sources with inverted best-fit spectral indices 
{ax < 0) can result from Compton Thick models. Re- 
sults are reported in Table |4j 

2.4. Photometric estimates of the intrinsic absorption 

Due to the relatively short exposure times of the Chan- 
dra snapshot survey, it is not often possible to recover the 
parameters of interest {ax and Nh {z)) from the spectral 
fits but it is possible to derive a range of intrinsic N// {z) 
column densities corresponding to some chosen range in 
ax by using simulated spectra. Thus, as already inves- 
tigated in Paper I and II, a photometric analysis was 
performed to estimate the intrinsic absorption N// (z). 
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TABLE 1 

Source List of the Chandra Cycle 13 Snapshot Survey of 3C Radio Sources with 0.3<z<0.5 



3C 


Class^^ 


) 


R.A. (J2000)^b) 


Dec. (J2000)^b) 


z(-) 


Dl 


Scale 


^H,Gal^''^ 


m.(e) 


Sl78^^-) 


Chandra 


Obs. Date 








hh mm ss 


dd mm ss 




(Mpc) 


(kpc/^0 


(cm-2) 




(Jy) 


ObsID 


yyyy-mm-dd 


16 


FRII 


- HEG 


00 37 45.40 


+13 20 09.2 


0.405 


2161.8 


5.309 


4.58e20 


21.0 


11.2 


13879 


2012-10-25 


19 


FRII 


- LEG 


00 40 54.99 


+33 10 07.1 


0.482 


2662.9 


5.878 


6.18e20 


20.0 


12.1 


13880 


2011-10-29 


42 


FRII 


- HEG 


01 28 30.12 


+29 03 00.8 


0.395 


2098.5 


5.228 


6.42e20 


20.0 


12.0 


13872 


2012-02-26 


46 


FRII 


- HEG 


01 35 28.48 


+37 54 05.2 


0.437 


2369.1 


5.560 


5.64e20 


19.5 


10.2 


13881 


2012-09-28 


67 


CSS- 


BLO 


02 24 12.29 


+27 50 11.5 


0.310 


1579.7 


4.462 


7.47e20 


18.0 


10.0 


13873 


2011-11-27 


103 


FRII 


. ? 


04 08 03.10 


+43 00 32.7 


0.330 


1697.9 


4.654 


3.18e21 


19.0 


26.6 


13874 


2012-11-10 


187 


FRII 


. ? 


07 45 04.46 


+02 00 08.7 


0.350 


1819.2 


4.839 


6.00e20 


19.5 


8.1 


13875 


2012-01-04 


244.1 


FRII 


- HEG 


10 33 33.98 


+58 14 35.7 


0.428 


2308.9 


5.489 


6.67el9 


19.0 


20.3 


13882 


2013-01-17 


268.2 


FRII 


. ? 


12 00 58.61 


+31 33 19.9 


0.362 


1892.8 


4.947 


1.64e20 


19.0 


9.7 


13876 


2012-07-07 


274.1 


FRII 


. ? 


12 35 26.66 


+21 20 34.8 


0.422 


2270.3 


5.443 


2.35e20 


20.0 


16.5 


13883 


2011-11-06 


275 


FRII 


- LEG 


12 42 19.89 


-04 46 20.1 


0.480 


2649.6 


5.864 


1.86e20 


21.0 


14.5 


13884 


2012-07-12 


306.1 


FRII 


- HEG 


14 55 01.40 


-04 20 59.8 


0.441 


2393.1 


5.587 


6.11e20 


19.0 


13.5 


13885 


2012-09-06 


313 


FRII 


- HEG 


15 11 00.03 


+07 51 50.1 


0.461 


2523.9 


5.732 


2.40e20 


21.0 


20.6 


13886 


2012-05-07 


320 


FRII 


. ? 


15 31 25.37 


+35 33 40.0 


0.342 


1770.5 


4.766 


1.69e20 


18.0 


9.1 


13877 


2011-12-02 


327.1 


? - HEG 


16 04 45.38 


+01 17 50.3 


0.462 


2530.4 


5.740 


6.40e20 


20.5 


23.6 


13887 


2012-05-08 


341 


FRII 


- HEG 


16 28 03.98 


+27 41 39.3 


0.448 


2438.7 


5.639 


3.51e20 


19.0 


10.8 


13888 


2011-11-14 


411 


FRII 


- HEG 


20 22 08.44 


+10 01 11.3 


0.467 


2563.4 


5.775 


1.06e21 


19.7 


16.5 


13889 


2012-08-08 


434 


FRII 


. ? 


21 23 16.24 


+15 48 05.8 


0.322 


1649.9 


4.577 


6.57e20 


20.8 


4.8 


13878 


2012-08-15 


435B 


FRII 


. ? 


21 29 06.10 


+07 32 54.8 


0.865 


5460.0 


7.610 


4.44e20 


19.4 


— 


13890 


2012-08-14 



(a) The 'class' column contains both a radio descriptor (Fanar off- Riley class I or II), Compact Steep Spectrum (CSS) and the optical 
spectroscopic designation, LEG, "Low Excitation Galaxy", HEG, "High Excitation Galaxy", and BLO, "Broad Line Object". The symbol 
"?" indicates those radio and optical classifications that are uncertain or not reported in the literature. 

(b) The celestial positions listed are those of the radio nuclei which we used to register the X-ray images except for 
the 4 sources lacking an obvious radio nucleus. For these four (3C 16, 3C 19, 3C 268.2, and 3C 275) we use Spinrad's 
position (Spinrad et al. 1985). For 3C 275 the listed position falls a few arcsec E of the radio and X-ray emission. 

(c) Redshift measurements are taken form Spinrad et al. (1985) or from NASA/IPAC Extragalactic Database (NED) for 3C435B. 

(d) Galactic Neutral hydrogen column densities ^H,Gal cire taken form Kalberla et al. (2005). 

(e) TUv is the visual magnitude (Spinrad et al. 1985) or from NASA/IPAC Extragalactic Database (NED) for 3C435B. 

(f) Si78 is the flux density at 178 MHz, taken from Spinrad et al. (1985). 



This stud y is b ased on the values of the hardness ratios 
HR (see § 3.1) derived from the photometric analysis of 
the nuclear X-ray fluxes. 

The observed nuclear fluxes have been used to deter- 
mine the hardness ratios HR according to the simple 
relation: {H - M)/{H ^ M), where H and M are the 
X-ray fluxes in the hard and the medium bands, respec- 
tively. The uncertainties on the observed values of HR, 
have been derived from the X-ray flux errors. We did 
not use the soft X-ray band because it is the band most 
affected by absorption, often leading to a low number of 
soft counts. 

Most nuclei of radio galaxies show X-ray spectra well 
described by a simple power law model with ax values 
ranging b etween 0.5 and 1.5 or occasi onally larger (e.g. 
iHardcastl e et al. 20091 IWorrah et a~2 009). Numerical 
simulations with XSPEC were performed to derive the 
values of Nh (z) in the case of an intrinsically absorbed 
power-law spectrum with different values of the spectral 
index ax and source redshift z corresponding to differ- 
ent values of the hardness ratio to derive the relation 
between the N// (z) and observed HR. We iterate this 
procedure for two values of ax corresponding to 0.5 and 
1.5. In this photometric analysis we adopted a more re- 
stricted energy range of ax with respect to that used in 
the X-ray spectral analysis (see notes to Table [4| . How- 
ever, this restricted range of ax values is in agreement 
with previous investigations (i.e.. Paper II) and with the 
distribution of the spectral index of the lo w redshift 3C 
radio sources (e.g.. IHardcastle et al. 2009]) . In Figurefl, 
the Nh versus HR curves for 3C 275 with ax=0.5 anc 
q;x=1-5 are shown. 



The Nh estimates corresponding to the observed HR, 
including la error, were calculated for the two values of 
ax reported above in each source (see Figure [T] for ad- 
ditional details). Then, the maximum and the mmimum 
values of these N// {z) estimates were considered to de- 
fine the range where the 'real' Nh {z) value could be, 
corresponding to an estimate of the error on the Nh {z). 
The ranges derived for each HR value are reported in 
Table El 

It is worth noting that if a generic source is Compton 
thick (i.e., Njj {z) > 10^^ cm~^) or if its X-ray spectrum 
is inverted (i.e. ax < 0) the hardness ratios cannot pro- 
vide a reliable estimate of absorption. For a more de- 
tailed discussion of the photometric absorption analysis 
see Section 3.2 of Paper 2. 

Finally, the results obtained from the HR study were 
compared with those derived from the X-ray spectral 
analysis (see Table [2] in comparison with Table [4). Sat- 
isfactory agreement Detween the two methods was also 
obtained for the sources in Paper 2 which were bright 
enough to warrant spectral analysis. No comparison is 
possible for the two piled sources, 3C327.1 and 3C411. 
The single case of disagreement occurred for the CSS 
source 3C67, probably suggesting a more complex X-ray 
spectrum. 

3. RESULTS 

3.1. General 

X-ray emission was detected fo r all the nuclei in the 
sample except for 3C435A (see § |3.2| for more details). 
All the X-ray images are presented in Appendix [B) 

In addition, as performed for the previous subset of 
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TABLE 2 

Nuclear X-ray Fluxes 



3C 


LivTim(^) 


Net(b) 


Ext. Ratio(^) 


f(soft) 


f(medium) 


f(hard) 


f(total) 


HR 


N^ (z) (d) 


Lx 




(ksec) 


(cnts) 




0.5-1 keV 


1-2 keV 


2-7 keV 


0.5-7 keV 




(1022cm-2) 


(1042gj.gg-l) 


16 


11.92 


2.8(1.7) 


0.22(0.15) 


0.34(0.34) 


— 


3.3(2.3) 


3.6(2.3) 


— 


— 


2.0(1.3) 


19 


11.89 


35(6) 


0.16(0.03) 


— 


— 


24.1(5.6) 


24.1(5.6) 


<1.00 


<36 


20.6(4.7) 


42 


11.92 


39(6) 


0.78(0.17) 


— 


0.56(0.56) 


46.6(7.8) 


47.2(7.8) 


0.98(0.23) 


4.7- 25 


24.8(4.1) 


46 


11.92 


50(7) 


0.81(0.15) 


0.79(0.46) 


0.88(0.51) 


63.5(10.0) 


65.2(10.0) 


0.97(0.22) 


2.8 - 36 


43.8(6.7) 


67 


11.89 


567(24) 


0.96(0.06) 


30.3(3.2) 


74.7(4.8) 


257(17) 


361(18) 


0.55(0.06) 


1.9- 5.0 


108(5) 


103 


11.92 


241(15) 


0.92(0.08) 


0.36(0.36) 


6.3(1.5) 


320(22) 


327(22) 


0.96(0.09) 


6.1 - 25 


113(8) 


187 


11.90 


9(3) 


0.15(0.05) 


0.93(0.53) 


— 


3.1(2.8) 


4.0(2.9) 


<1.00 


<25 


1.6(1.2) 


244.1 


11.92 


44(7) 


0.60(0.12) 


3.9(1.2) 


1.2(0.7) 


39.5(7.5) 


44.6(7.6) 


0.94(0.25) 


4.3 - 36 


28.4(4.8) 


268.2 


11.58 


12(3) 


0.41(0.14) 


0.55(0.39) 


1.3(0.7) 


6.7(3.4) 


8.6(3.5) 


0.67(0.51) 


<25 


3.7(1.5) 


274.1 


11.90 


22(4) 


0.49(0.12) 


— 


0.52(0.37) 


27.3(6.5) 


27.8(6.5) 


0.96(0.33) 


3.5 - 36 


17.2(4.0) 


275 


12.41 


45(6) 


0.80(0.16) 


0.88(0.51) 


4.0(1.1) 


30.1(5.8) 


35.0(5.9) 


0.77(0.22) 


3.0 - 29.4 


29.4(5.0) 


306.1 


11.92 


24(5) 


0.63(0.16) 


0.55(0.39) 


— 


27.9(6.3) 


28.5(6.3) 


<1.00 


<36 


19.5(4.3) 


313 


11.92 


24(5) 


0.57(0.15) 


— 


— 


33.7(6.7) 


33.7(6.7) 


<1.00 


<37 


25.7(5.3) 


320 


11.90 


68(8) 


0.13(0.02) 


6.1(1.7) 


5.3(1.7) 


14.9(5.3) 


26.3(5.8) 


0.48(0.30) 


<7.3 


9.9(2.2) 


327.l(^) 


11.11 


1235(35) 


0.90(0.04) 


96(10) 


204(20) 


935(94) 


1236(97) 


— 


— 


946(74) 


341 


11.64 


18(4) 


0.64(0.19) 


0.59(0.59) 


1.46(0.73) 


13.9(4.2) 


16.0(4.3) 


0.81(0.36) 


2.0 - 36 


11.3(3.1) 


411(e) 


11.91 


1716(41) 


0.93(0.03) 


116(11) 


279(31) 


1627(155) 


2023(158) 


— 


— 


1590(120) 


434 


11.92 


44(7) 


0.83(0.17) 


4.2(1.2) 


6.1(1.4) 


15.2(4.4) 


25.5(4.8) 


0.43(0.24) 


<5.7 


8.3(1.6) 


435B 


11.92 


293(17) 


0.90(0.07) 


5.6(1.4) 


38.0(3.5) 


179(14) 


223(15) 


0.65(0.08) 


3.2 - 8.4 


795(43) 



Fluxes are given in units of 10 -"^^erg cm ^s 



Values in parentheses are la uncertainties. 



Note. 
^LivTim is the live time 
^Net is the net counts within a circle of radius=2^^ 

^Ext. Ratio ("Extent Ratio") is the ratio of the net counts in the y^2" circle to the net counts in the r = 10^^ circle. Values significantly 
less than 0.9 indicate the presence of extended emission around the nuclear component (see Section |3.1| >. 

^As per the discussion in the text, the value of ^u (2;), required to produce the observed HR values, was computed. The uncertainty given 
here is indicative only: it is the range of N/f (2;) covered by the uncertainty in the HK and allowing olx to range from 0.5 to 1.5. Obviously 
there may be some sources with intrinsic spectral indices outside of this range. 

^For 3C 327.1 and 3C411, X-ray fluxes and luminosities have been computed via spectral fltting including the jdpileup model (see § |2.3| 
for more details), thus the ^u \z) values are reported in Table [4] The 'light bucket' estimates of the total flux (§ 2.2) are in reasonable 
agreement with those in the table: 1050 (3C327.1) and 2120 (3CT11). 



TABLE 3 
Radio components with X-ray Detections 



3C 


Component^ 


Radius^ 


counts (bkg)^ 


Detection 


fo.5-1 keV 


fl-2 keV 


h-7 keV 


fo.5-7 keV 


Lx 






(arcsec) 




Signiflcance^ 


(cgs) 


(cgs) 


(cgs) 


(cgs) 


1042erg s-i 


16 


/ - nll.l 


3.0 


5(2) 


2.1a 





0.44(0.44) 


1.37(1.37) 


1.81(1.44) 


1.01(0.80) 




I - n5.2 


2.5 


3(1) 


2.0cr 


0.36(0.36) 


0.22(0.22) 


— 


0.58(0.42) 


0.32(0.24) 




/- s6.0 


3.0 


2(1) 


1.4cr 


0.37(0.37) 


0.12(0.27) 


— 


0.50(0.46) 


0.28(0.26) 




h- s22.8 


3.0 


4(1) 


2.7cr 


0.40(0.40) 


0.49(0.35) 


— 


0.89(0.53) 


0.50(0.30) 


19 


h - n3.0 


0.8 


5(1) 


3.2a 


0.39(0.39) 


0.73(0.53) 


0.93(0.93) 


2.05(1.14) 


1.74(0.96) 




h- s3.5 


0.8 


6(2) 


2.5(7 


0.88(0.51) 


0.78(0.67) 


1.74(1.23) 


3.40(1.49) 


2.88(1.26) 


187 


I- n37.0 


12.0 


46(11) 


>7.0a 


4.02(1.30) 


5.25(1.43) 


2.37(2.37) 


11.64(3.06) 


4.61(1.21) 




/- n75.0 


12.0 


30(5) 


>7.0cr 


1.27(0.69) 


1.16(0.63) 


7.98(3.62) 


10.41(3.74) 


4.12(1.48) 




I - S27.0 


12.0 


46(13) 


>7.0cr 


2.86(1.31) 


5.41(1.42) 


7.19(4.64) 


15.46(5.03) 


6.12(1.99) 




/ - S60.0 


15.0 


56(15) 


>7.0cr 


1.57(0.70) 


2.51(1.06) 


2.49(2.49) 


6.57(2.80) 


2.60(1.11) 


268.2 


h - s46.0 


2.0 


2(1) 


1.4cr 


0.38(0.38) 


0.14(0.14) 


— 


0.52(0.40) 


0.22(0.17) 


313 


h - e73.0 


1.5 


4(1) 


2.7cr 


— 


0.53(0.37) 


2.26(1.59) 


2.79(1.63) 


2.13(1.24) 




h - w55.0 


1.5 


5(1) 


3.2a 


0.76(0.54) 


0.22(0.22) 


1.67(1.67) 


2.64(1.77) 


2.02(1.35) 


327.1 


k- s3.3 


2.7x1 


9(3) 


3.0a 


0.01(0.01) 


2.17(0.90) 


— 


2.18(0.90) 


1.67(0.69) 




k- s5.0 


0.8 


3(1) 


2.0a 


— 


0.69(0.49) 


— 


0.69(0.49) 


0.53(0.38) 


341 


k - w8.0 


1.5 


3(1) 


2.0a 


0.78(0.55) 


— 


0.98(0.98) 


1.76(1.12) 


1.25(0.80) 



Fluxes are given in units of 10~-'^^erg cm^^s"-*^. 

(a) The component designation is comprised of a letter indicating the classiflcation (i.e., knot k, hotspot h, lobe /), a cardinal direction 
(as viewed from the nucleus) plus the distance from the nucleus in arcseconds. 

(b) The radius column gives the size of the aperture used for photometry. 

(c) The counts column gives the total counts in the photometric circle together with those measured in the background regions of the same 
area, in parentheses; both for the 0.5 to 7 keV band. 

(d) The confldence level of each detection evaluated adopting a Poisson distribution. 
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TABLE 4 

Spectral Analysis of Bright Nuclei 







Nh {z) 




Source 


ax 


(xl022cm-2) 


xVdof 


(1) 


(2) 


(3) 


(4) 


3C67 


[0.32lg:^,^] 


0.26lg:l? 


8.74/15 




[o-5ilg:^,J] 


0.32lg:l^ 


8.62/15 


3C 327.1 


0-25lg:J^, 


0.025+0-^3 


42.7/38 




o.8iig:l? 


n ifi+o-i5 


41.5/38 


3C411 


n 11+0-06 


[0.00+0-05] 


55.3/60 




imtl'll 


O.islg;- 


47.2/60 


3C435B 


0.96lg-J8 


[3.011:^,] 


6.38/6 




1 07+0.30 


[^.it\l] 


6.33/6 



These 4 nuclei have 250 or more counts and are thus suitable for 
spectral analysis. The first row for each source is the result for 
a simple power law fit with galactic and intrinsic absorption. The 
second row is for the same model with the addition of 'jdpileup'. 
For these fits, the corresponding range of best-fit Nh as the spectral 
index ax is stepped through values of 0.0 to 2.0 are shown in square 
brackets. Column (1): source name. Column (2): X-ray spectral 
index ax- Column (3): intrinsic absorbing column density in units 
of 10"^^ cm~^. Column (4): x^ / degrees of freedom. 

3C sources observed during the Chandra Cycle 9 and 
12, the net number of counts within circular regions of 
radii 2" and 10^' was measured, both centered on the 
nucleus of each source. In Table H] the r=2'' result to- 
gether with the ratio of r2/rl0 are listed, a diagnostic 
for the presence of extended emission around the nu- 
cleus. The only exceptions are 3C 19 and 3C320 that 
lie in X-ray detected galaxy clusters (as shown in the fig- 
ures of Appendix [B| and 3C 435A for which the X-ray 
core is undetected. This ratio should be close to unity for 
an unresolved (i.e., point-like) sources since the on-axis 
encircled energy for r=2'' is ^0.97, so we expect only a 
small increase between r=2'' and r=10'' for an unresolved 
source. 

Amongst the 19 sources listed in Table [2J there are 
10 for which the value of 'Extent Ratio' plus its error 
is <0.9, i.e. indicating the presence of extra-nuclear 



3C 275 (z = 0.48) 



1 ' 1 ' 


1 ' 


1 ' 1 ' 




Njj(z) = 29.4xl0^%m"^ 




HR+la 


1 






/, 


r 




^^ 


1 

1 
[ 

I 


- Njj (z) = 3.0 X 10^^ cm"^ 


HR-lo 


^ 


\ 
I 
1 

r 


^-^'^^ 


^^ 


\^ / 


1 


1,1, 


r 
1 
1 
1 



0.4 

HR 



Fig. 1. — The relation between HR and the intrinsic 'H^ column 
density resulting from the simulated spectra at redshift 0.48 as for 
3C275 and computed for the case of ax = 0.5 (black solid line) 
and 1.5 (red solid line). 



emission. For 6 of these 10, we have reported fea- 
tures aligned with radio components in Table |3] Of the 
four remaining, 3C 320 is an obvious cluster or galaxies 
(see Figure [TtI in Appendix [B|) . For the remaining three 
(3C 244.1, 3U^74.1, and 3CT06.1) we have verified the 
extended emission by way of heavily smoothed images. 
There does not appear to be any commonality in the 
morphologies of the extended features except that none 
of the 3 display a smooth, circularly symmetric emission. 
Rather there are irregular clumps of emission, often, but 
not always along the radio source axis. 

In the current sample of 19 X-ray detected sources 
all are classified as FRII radio galaxies except for 3C 
327.1 (uncertain classification) and the CSS source 3C 67. 
For 3C16, 3C19, 3C 268.2, 3C313 we detect hotspots 
in the Chandra images, with confidence levels between 
1.4(7 and 3.2cr. In addition, in the cases of 3C 187 and 
3C 313 extended X-ray emission, of still uncertain na- 
ture, is detected, arising from the regions coincident 
with, and interior to, the ir radio lobes (see Figure [2] 



and Figure |3[ and 



3.2 for more details). This ex- 
tended emission resembles that associated with radio 
lobes detected in the X -ray observations of high red- 
shift radio galaxies (e.g. ICarilh 20031 ISmail et al. 20091 
IBlundell fc Fabian 20 IH and reference therein). Finally, 
X-ray emission cospatial with radio knots in the jets of 
3C 341 and 3C 327.1, th e last resembling the structure of 
3C17 (Massaro et al. 2 009). was also detected. Fluxes 
for jets, hotspots and lobe structures found in the 3C 
sample are reported in Table [3J where the confidence 
level of each detection evaluated adopting a Poisson dis- 
tribution are also provided. 

3.2. Source details 

3C 16 is an FRII radio galaxy optically classified as 
HEG. The SW radio lobe is about 16 times the fiux den- 
sity of the NE lobe at 8 GHz and the brightness ratio 
is between 30 and 40 for arcsec sized beams. From the 
data available to us, there is no sign of a radio nucleus 
nor an X-ray component that would indicate the posi- 
tion of the host galaxy or quasar. The original optical 
identification (Riley et al. 1980) was the brighter of two 
faint galaxies. Since we see no obvious other candidates 
on an HST image, we have labelled regions and assigned 
results assuming that this identification is correct. This 
source is an example of a double-double restarting jet as 
suggested by Schoenmakers et al. (2000) and Gilbert et 
al. (2004). On the heavily smoothed X-ray map, soft X- 
ray emission was detected roughly aligned with the two 
linear segments of excess radio brightness within the SW 
lobe and with the brighte st p art of the southern hotspot 
(see Figure p] in Appendix [b|. The alignment between X- 
ray and radio emissions is not accurate, and is difficult 
to evaluate quantitatively since the maps have not been 
registered. 

3C 19 is an FR II radio galaxy with low excitation emis- 
sion lines in its optical spectrum. The size of the ex- 
tended X-ray emission around this source indicates that 
3C 19 lies at the center of a galaxy cluster. At this posi- 
tion, we find cluster #10432 in the list compiled by Wen 
et al. (2012), based on the Sloan Digital Sky Survey. The 
presence of the galaxy cluster was originally mentioned 
by Spinrad et al. (1985). Within a circle centered on the 
source with radius 40^' (^235 kpc), we measured 456±24 
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net counts in the 0.5-7 keV energy range. With the 
current radio maps available to us, it was not possible to 
locate a radio nucleus; moreover the X-ray core does not 
appear to be point-like. Thus it was not possible to reg- 
ister the X-ray image to the radio map. Enhanced X-ray 
brightness associated with the northern hotspot and per- 
haps also at the southern hotspot has been found, while 
the axis of the radio and of the X-ray emission is di- 
rected al most perpendicular to the optical emission seen 
by HST (Ide Koff et al. 1996V 

3C42 is an FRII radio galaxy optically classified as 
HEG. The X-ray nucleus was clearly detected in the 
Chandra snapshot observation. 

3C46 is an FRII - HEG radio galaxy. There was some 
uncertainty locating the nucleus for the host galaxy of 
3C46. Examining the low resolution 1.5 GHz radio map, 
one would confidently identify the nucleus as the weak 
source between the two lobes. However, at 8.4 GHz with 
an 0.3^' beam, there is no detectable emission at this 
location. Instead, there is an unresolved source (1.9 mJy) 
6.7^' to the south-west, just inside the western lobe and 
very close to the line joining the southern hotspot to 
the weak 1.5 GHz source between the lobes. The X- 
ray core aligns with this 8.4 GHz source. Although it is 
possible to posit very heavy absorption so as to render 
the nucleus unobservable in the Chandra bandpass, it 
is puzzling that the nucleus would be detected at 1.5 
GHz but not at 8.4 GHz. Of the 51 counts associated 
with the 8.4 GHz source, only 6 are below 2 keV, with 
9 in the 2-4keV band and 36 between 4 and 7 keV (no 
counts above 7 keV). For a power law distribution, both 
the radio and the X-ray spectra would be inverted (i.e., 
a <0). According to Spinrad et al. (1985) 3C 46 belongs 
to a galaxy cluster but no extended X-ray emission is 
detected in the Chandra observations. 

3C67 is the only CSS radio source in this sample, and is 
optically classified as a Broad Line Object (BLO). The 
bright X-ray nucleus is the only detection. The optical 
emission revealed by HST is extended in the same direc- 
tion as the radio axis (de Koff et al. 1996). 

3C 187 is a typical FRII radio galaxy. Two unre- 
solved radio sources lie where the radio nucleus is ex- 
pected to be. They are separated by 2.0'^ in PA=- 
21°; i.e. along the principle axis of the radio source. 
Comparing fiux densities at 1.4 GHz and 8.4 GHz, it 
is clear that the southern source has an inverted spec- 
trum whereas the northern source has a normal spec- 
trum. The southern source is located at RA=07h 
45m 04.46s, DEC=2° 00' 08.7'' with fiux densities 
Si.4=0.9mJy and S8.4=3.3mJy. The northern radio 
source has Si.4=0.9mJy and S8.4=0.4mJy. The nucleus is 
not well defined in the X-rays; there are only two counts 
above 2keV coincident with the southern source. In the 
heavily smoothed X-ray map (see Figure J2| significant 
X-ray emission from both the northern andthe southern 
lobes appears; 431 ±27 net counts were found between 
0.5 and 7 keV, mostly below 2 keV within a rectangu- 
lar region 170" x 75" (PA=-21°) with two background 
regions of the same size deployed on either side. 

3C 244.1 The fact that the soft fiux is significantly larger 
than the medium fiux suggests the presence of a soft 
excess. On the other hand, no exte nded emission arising 
from its surrounding galaxy cluster ( |Hill fc Lilly 1991| ) is 
seen in the Chandra observation. 
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Fig. 2. — 3C187 (0.5-7keV) smoothed with a Gaussian of 
FWHM=11^^ The color bar gives the brightness in units of 
counts/pixel and the pixel size is 0A92" . The four regions listed 
in Table [3] are shown in blue. The contours come from an L band 
radio map with a clean beam of 3'^ and start at 1 mJy/beam, 
increasing by factors of 4. 

3C 268.2 is an FRH radio galaxy with no nuclear ra- 
dio emission detectable in the 1.4 GHz map available to 
us. An X-ray source lies between the radio emission aris- 
ing from the hotspot regions so is plausibly the X-ray 
core. The X-ray nucleus is elongated in the EW direc- 
tion. In the HST image the source has strong extended 
emission-line regions which coul d be responsible fo r its 
apparent elongated morphology (|de Koff et al. 1996\i . In 
addition, a marginal detection of the X-ray counterpart 
of the southern hotspot has been found. 

3C 274.1 is an FRII radio galaxy that lies in a galaxy 
cluster (Yates et al. 1989). At this position, we find clus- 
ter #95983 in the list compiled by Wen et al. (2012), 
based on the Sloan Digital Sky Survey. However, in the 
X-rays, only the nucleus (that appears to be extended) 
is detected. 

3C275 is an FRII radio galaxy optically classified as 
LEG. In all the radio maps available to us ranging from 
1.4 GHz up to 14.9 GHz, the radio nucleus is not de- 
tected, thus the alignment between X-ray and radio emis- 
sions is not precise, since the maps have not been reg- 
istered. The extended X-ray emission arising from the 
core of 3C 275 was clearly detected. The original optical 
identification (Kristian et a l. 1974[) reports the galaxy is 
in a distant cluster but we have no direct evidence for 
that. 

3C 306.1 is a radio galaxy optically classified as HEG 
and radio classified as FRII. In the Chandra observa- 
tion, the X-ray nucleus, which is not point-like, was 
seen. 3C 306.1 i s also a member of a galaxy cluster 
(| Yates et al. 1989|) but its X-ray thermal emission was 
not seen in the 3C snapshot survey. 

3C 313 is an FR II radio galaxy optically classified as an 
HEG. The galaxy nucleus is surrounded by patch es of op - 
tical emission in the HST images ( |de Koff et al. 1996^ . 
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Fig. 3. — An X-ray image of 3C 313 for the energy band 0.5-7 keV. 
The pixel size is 0.492^^ and the smoothing function is a Gaussian 
of FWHM=11.0^^ X-ray contours (white or cyan) start at 0.01 
counts/pix and increase by factors of two. The radio contours 
(black) come from a 1.4 GHz map constructed from archival VLA 
data and start at 15 mJy/beam, increasing by factors of two. The 
clean beam is b" . 



Although no clear signatures of X-ray cluster emission 
was found, 3C313 is a member of a galaxy cluster 
pin k Lilly 19911 IStanford et al. 2002^ . At this posi- 
tion, we find cluster #107171 in the list compiled by 
Wen et al. (2012), based on the Sloan Digital Sky Sur- 
vey. There is, however enhanced X-ray brightness along 
the entire principle axis of the radio source; i.e. even 
close to the nucleus where no radio emission is seen with 
the data available to us (VLA, 1.4 GHz and 8.4 GHz) (see 
Figure |3| . In addition to this extended emission which 
could be either thermal (e.g., extended optical emission 
line region) or non-thermal (e.g., inverse Compton emis- 
sion from radio emitting electrons scattering CMB pho- 
tons), 4 counts were detected near the tip of the north- 
ern hotspot and 9 counts are aligned with the southern 
hotspot. 

3C320 is a classical FRII ra dio galaxy locate d in the 
center of a cluster of galaxies ( Spinrad et al. 1 985). At 
this position, we find cluster #115229 in the list com- 
piled by Wen et al. (2012), based on the Sloan Digital 
Sky Survey. 3C 320 shares many attributes with Cygnus 
A. The eastern hotspot/lobe has engendered an obvious 
cavity in the cluster gas. In the Chandra observations 
of 12ksec, 1046±37 net counts were found in the 0.5 - 
7 keV energy range within a circular region of 1' radius 
(286 kpc). 

3C 327.1 is optically cl assified as HEG h osted in a 
normal elliptical galaxy (|de Koff et al. 19'96|) . This ra- 
dio source has a curved jet on the SE side, and only 
a low brightness lobe to the NW. Its radio structure 
([Morganti et al. 1999) is remarkably similar to that of 
the low redshift radio source 3C 17 (Massaro et aL 2009). 
The X-ray emission is extended around the nucleus and 
a trace of the southern jet can be seen in the X-ray image 
(see Figure in Appendix [b|). 

3C341 is a classical FRTT radio galaxy optically classi- 
fied as HEG. High resolution radio maps at 8 GHz show a 



slightly curved line of enhanced brightness over the first 
half of the SW lobe. At ~ 8^' from the nucleus there 
is a knot ^ 4 times brighter than adjoining areas. At 
the position of this knot in the jet there are 2.5±1.8 net 
X-ray counts. 

3C411 is an FRII radio galaxy with high excitation 
emission lines in its optical spectrum. The X-ray core is 
the brightest detected in the current sample with ^0.75 
counts/frame and is thus affected by substantial pileup. 
The ratio of evtl counts to evt2 counts is 1.26. 

3C434 is an FRII radio galaxy hosted in an elliptical 
galaxy, whose optical e mission is slightly elongated in 
the southeast direction (|de Koff et al . 19"96l). This radio 
galaxy lies close to a galaxy group according to Yates et 
al. (1989), however, the X-ray snapshot observation only 
revealed nuclear emission. 

3C435 is comprised of two double-lobed radio galax- 
ies. 3C435A is an FRI I radio galaxy at redshift 
0.471 dSpinrad et al. 1985D and 3C435B is another 
FRII radio source lying 10'^ away but at z=0.865 



( [McCarthy et al. 1 989). The X-ray core of 3C435A is 
undetected in the Chandra snapshot observation, while 
X-ray emission was detected from the nuclear region 
of 3C435B. It is worth noting that a blue stellar ob- 
j ect (A type star) lie s in the direction of 3C435B 
( [McCarthy et al. 1989 ), however given the significant X- 
ray emission above ~2 keV, we suspect the Chandra de- 
tection arises from the host galaxy of 3C435B. 

4. SUMMARY 

We have presented the X-ray analyses of 19 3C radio 
sources with redshift between 0.3 and 0.5. Since propri- 
etary rights were waived. X-ray data based on a radio 
flux limited sample (almost all extragalactic 3C sources 
with z <0.5) are now available to the community. The 
main objectives of this 3C snapshot survey are: to de- 
tect X-ray emission from jets and hotspots, and to study 
the nuclear emission of their host galaxies. In the present 
work, the basic source parameters for the newly acquired 
data are presented, while in future works, the resulting 
datasets will be used to test several issues such as the 
Fanaroff- Riley dichotomy and differences in the nature 
of nuclear absorption in FRI and FRII sources. 

Fluxmaps for all the X-ray observations were con- 
structed and we provide photometric results for the nu- 
clei and other radio structures (i.e., jet knots, hotspots, 
lobes). Using hardness ratios, we have estimated the 
column density for intrinsic absorption for 16 nuclei (2 
nuclei are affected by pileup and one has too few counts). 
In addition, for the 4 brighest nuclei. X-ray spectral 
analysis was performed, comparing the results on the in- 
trinsic absorption with those derived from the hardness 
ratio analysis (see § |2.4l ). 

X-ray emission was detected for all the nuclei except 
3C435A. A sizable fraction (~60%) of them show evi- 



dence for significant intrinsic absorption (§ [2.3| and § 2.4) 
Amongst these 3C Chandra observations, we found X-ra!y 
emission arising from one compact steep spectrum radio 
sources: 3C 67 and X-ray emission from two galaxy clus- 
ters surrounding 3C 19 and 3C 320. In addition, we find 
X-ray emission from six radio hotspots (in the four radio 
galaxies 3C 16, 3C 19, 3C 268.2 and 3C 313) and several 
knots in the radio jets of 3C 327.1 and 3C341. Finally, 
in the FRII radio galaxies 3C 187 and 3C313 extended 
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X-ray emission, of still unknown nature, was discovered, 
arising from regions along the principle radio axis (see 



3.2 for more details) 
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APPENDIX 
A. CHANDRA OBSERVATIONS OF THE 3CR SAMPLE 

In Table [A| we hst the summary of the Chandra observations for the whole SCR sample. We report the SCR name 
together with an alternate name for the most observed sources, the radio classification, the coordinates, the redshift 
(if known), the number of Chandra observations as well as the reference for the first Chandra image and some X-rays 
notes. In particular, we marked SCR sources that lie in a galaxy cluster (cl) and if the cluster is also detected in 
the X-rays (xcl), and/or if a jet knot, hotspot, lobe is also detected in the X-rays (k,h,l, respectively) as reported in 
the literature. The radio classification is based on the Spinrad et al. (1985) ver sion of the SCR catalog, however we 
distinguished between FRI and FRII radio galaxies (e.g., |Fanaroff fc Riley 1974 ). Uncertain classification are labeled 
as "UND" while uncertain or unknown redshift estimates are marked with "?". If the SCR source is not observed by 
Chandra we simply reported a dashed line "-" ; when no reference are listed but the number of Chandra observations 
is grater than 1 implies that the X-ray observations have not been performed or not yet been published. The absence 
of one or more codes in the X-ray notes does not necessarily mean there is no detection of extended emission. 

References for the radio positions used in Table [A| are: Becker et al. (1995), Best et al. (1999), Condon et al. (1998), 
Djorgovski et al. (1988), Douglas et al. (1996), Evans et al. (2010a), Fernini et al. (1997), Fey et al. (2004), Fomalont 
et al. (200S), Hiltner & Roser (1991), Jackson et al. (2007), Johnston et al. (1995), Paris et al. (2012), Petrov et al. 
(2005), Taylor et al. (2001), White et al. (1997). 

B. IMAGES OF THE SOURCES 

Although for many radio sources analyzed the X-ray data are comprised of rather few counts, the radio morphologies 
are shown here via contour diagrams which are superposed on X-ray event files that have been smoothed with a 
Gaussian. The full width half maximum (FWHM) of the Gaussian smoothing function is given in the figure captions. 
When there is sufficient signal to noise ratio (S/N) of the X-ray image to provide spatial information, contours were 
added (cyan or white) which are normally separated by factors of two. Most of the overlaid radio contours increase by 
factors of four. The X-ray event files shown are in units of counts/pixel in the 0.5-7 keV energy range. The primary 
reason figures appear so different from each other is the wide range in angular size of the radio sources. 
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3CR 

name 



Other 
name 



R.A. 
(J2000) 



(J2000) 



Chandra Refen 
obs. 



X-ray 
notes 



11.1 
13 



14.1 
15 



QSR 
FR II 
QSR 
UND 
FR II 
QSR 
UND 
FR I 
FR II 
QSR 



00 06 
00 16 
00 20 
00 29 
00 34 
00 36 
00 36 
00 37 
00 37 
00 38 



22.588 

31.070 

25.219 

44.808 

14.556 

06.447 

27.12 

04.114 

45.40 

20.528 



-00 04 24.69 
+ 79 16 49.99 
+ 15 40 54.59 
+ 63 58 42.81 
+ 39 24 16.65 
+ 18 37 59.23 
+ 59 46 30.00 
-01 09 08.46 
+ 13 20 09.2 
-02 07 40.49 



1.038 

0.84 

2.009 

1.351 
1.469 

0.074 
0.405 
0.2197 



Shemmer et al. (2006) 
Hardcastle et al. (2004) 
Fabian et al. (2003) 

V^ilkes et al. (2013) 
Wilkes et al. (2013) 

Kataoka et al. (2003a) 

this work 

Massaro et al. (2009a) 



20 
21.1 



FR II 
FR II 
FR II 

UND 
FR II 
UNO 
FR I 
FR I 
FR I 
FR II 



00 40 
00 40 
00 43 
00 44 
00 50 
00 56 
00 55 

00 57 

01 07 
01 08 



50.553 

55.044 

09.177 

41.299 

56.301 

01.058 

50.58 

34.895 

24.959 

52.858 



+ 10 03 26.78 
+ 33 10 08.02 
+ 52 03 36.05 
+ 66 18 42.31 
+ 51 12 03.01 
+ 68 22 30.42 
+ 26 24 36.6 
-01 23 27.37 
+ 32 24 45.21 
+ 13 20 14.20 



0.188 
0.482 
0.174 

0.936 

0.184 

0.1952 

0.0448 

0.017 

0.0059 



Massaro et al. (2010) 

this work 

Massaro et al. (2010) 



Donato et al. (2004) 
Massaro et al. (2012) 
Hardcastle et al. (2002a) 
Evans et al. (2010b) 



xcl 
cl,k 
cl,k 



33.1 
33.2 



FR II 
UND 
FR II 
FR II 
QSR 
FR II 
FR II 
FR II 
QSR 
FR II 



01 09 
01 08 
01 10 
01 12 
01 17 
01 25 
01 26 
01 28 
01 29 
01 31 



44.237 

34.060 

18.666 

02.236 

59.480 

53.50 

44.389 

30.12 

59.809 

21.765 



+ 73 11 57.10 
+ 69 22 33.80 
+ 31 47 20.47 
+ 49 28 35.03 
+ 45 36 21.75 
-01 21 54.00 
+ 33 13 11.21 
+ 29 03 00.8 
+ 23 38 20.28 
+ 06 23 40.82 



0.181 

? 

0.69 

0.067 

1.301 

0.018 

0.795 

0.395 

1.459 

0.66 



Massaro et al. (2010) 



Bogdan et al. (2011) 



Wilkes et al. (2013) 



54 
55 
61.1 
63 
65 



FR II 
QSR 
QSR 
FR II 
FR II 
FR II 
FR II 
FR II 
FR II 
FR II 



01 35 
01 36 
01 37 
01 41 
01 48 
01 55 

01 57 

02 22 
02 20 
02 23 



28.48 

24.411 

41.299 

09.160 

28.909 

30.162 

10.510 

35.571 

54.316 

43.191 



+ 37 54 05.2 
+ 20 57 27.44 
+ 33 09 35.13 
+ 13 53 28.05 
+ 53 32 28.04 
+ 43 45 55.43 
+ 28 51 37.56 
+ 86 19 06.38 
-01 56 50.72 
+ 40 00 52.45 



0.4373 

0.425 

0.367 

0.621 

0.2854 

0.8274 

0.7348 

0.1878 

0.175 

1.176 



Hardcastle et al. (2004) 
Siemiginowska et al. (2008) 



Massaro et al. (2010) 



Massaro et al. (2010) 
Massaro et al. (2012) 
Wilkes et al. (2013) 



66A 
66B 
67 
68.1 
68.2 



NGC 1068 
NGC 1128 



BL 

FR I 
FR II 

QSR 

FR II 

FR II 

Sy 

FR I 
FR II 

FR I 



02 22 
02 23 
02 24 
02 32 
02 34 
02 38 
02 42 

02 57 

03 03 
03 08 



39.611 

11.411 

12.29 

28.872 

23.856 

02.355 

40.711 

41.57 

15.054 

26.223 



+ 43 02 07.79 
+ 42 59 31.38 
+ 27 50 11.5 
+ 34 23 46.79 
+ 31 34 17.46 
+ 59 11 50.00 
-00 00 47.81 
+ 06 01 28.8 
+ 16 26 18.83 
+ 04 06 39.30 



0.0213 

0.310 

1.238 

1.575 

0.458 

0.0037 

0.0231 

0.0324 

0.0286 



Hardcastle et al. (2001) 
this work 

V^ilkes et al. (2013) 
Wilkes et al. (2013) 

Brinkman et al. (2002) 
Hudson et al. (2006) 
Massaro et al. (2010) 
Harwood fc Hardcastle (2012) 



NGC 1265 
NGC 1275 



UGC2478 



FR II 
FR I 
FR I 

FR II 
FR I 
FR I 
UND 
QSR 
UNC 

FR II 



03 10 
03 18 
03 19 
03 27 
03 27 
03 34 
03 37 
03 43 
03 48 
03 58 



00.090 
15.664 
48.160 
19.357 
54.194 
15.574 
43.353 
30.008 
46.934 
54.442 



+ 17 05 58.52 
+ 41 51 27.88 
+ 41 30 42.10 
+ 55 20 28.12 
+ 02 33 41.98 
-01 10 56.09 
+ 50 45 52.83 
+ 04 57 48.58 
+ 33 53 15.28 
+ 10 26 03.03 



0.2559 

0.0251 

0.0175 

? 

0.0302 

0.1386 

? 

0.3571 

0.2430 

0.0305 



Massaro et al. (2012) 
Sun et al. (2005) 
Fabian et al. (2002) 

Sun (2009) 

Massaro et al. (2012) 



Massaro et al. (2012) 
Hodges-Kluck et al. (2010) 



cl 

xcl,k 

xcl 

xcl 

xcl 
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3CR 

name 



Other 
name 



R.A. 
(J2000) 



(J2000) 



Chandra Refen 
obs. 



X-ray 
notes 



103 
105 
107 
109 
111 
114 
119 
123 
124 



Sy 
FR II 
FR II 
FR II 
FR II 
FR II 
FR II 

UNO 
FR II 

UNO 



04 01 07.628 
04 08 03.10 
04 07 16.453 
04 12 22.627 
04 13 40.37 
04 18 21.277 
04 20 22.170 
04 32 36.502 
04 37 04.375 
04 41 59.108 



+ 00 36 32.91 
+43 00 32.70 
+ 03 42 25.80 
-00 59 32.43 
+ 11 12 13.8 
+ 38 01 35.80 
+ 17 53 55.20 
+41 38 28.44 
+ 29 40 13.81 
+ 01 21 01.91 



0.426 

0.330 

0.089 

0.785 

0.3056 

0.0485 

0.815 

1.023 

0.2177 

1.083 



1 Massaro et al. (2010) 



Hardcastle et al. (2004) 
Hogan et al. (2011) 



Hardcastle et al. (2001) 



125 
129 

129.1 
130 
131 
132 
133 
134 
135 

136.1 



WEIN045 
WEIN051 



UND 
FR I 
FR I 
FR I 
UND 
FR II 
FR II 
UND 
FR II 
FR II 



04 46 
04 49 
04 50 
04 52 
04 53 

04 56 

05 02 
05 04 
05 14 
05 16 



17.857 

09.076 

06.67 

52.836 

23.328 

42.919 

58.472 

42.19 

08.367 

03.14 



+ 39 

+45 
+45 
+ 52 
+ 31 
+ 22 
+ 25 
+ 38 
+ 00 
+ 24 



45 03.03 
00 39.22 

03 05.8 

04 47.09 
29 25.30 
49 23.20 
16 25.31 
06 11.4 
56 32.28 
58 25.5 



0.0208 

0.0222 

0.1090 

? 

0.214 

0.2775 

? 

0.1273 

0.064 



Krawczynski (2002) 
Krawczynski (2002) 
Massaro et al. (2012) 

Massaro et al. (2010) 
Massaro et al. (2010) 

Massaro et al. (2010) 
Balmaverde et al. (2012) 



137 
138 

139.2 
141 

142.1 
147 
152 
153 
154 
158 



UND 
QSR 
FR II 

UND 

UNO 
QSR 

UND 
FR II 
QSR 

UND 



05 19 
05 21 
05 24 
05 26 
05 31 

05 42 

06 04 
06 09 
06 13 
06 21 



32.422 

09.886 

27.11 

44.20 

29.375 

36.137 

28.628 

32.423 

50.139 

41.063 



+ 50 
+ 16 
+ 28 
+ 32 
+ 06 
+49 
+ 20 
+48 
+ 26 
+ 14 



54 32.08 
38 22.05 
12 47.0 

50 23.0 
30 24.99 

51 07.23 
21 21.73 
04 14.64 
04 36.72 
32 11.19 



0.406 
0.545 



0.2769 
0.58 



> et al. (2010) 



169.1 
171 
172 
173 

173.1 
175 

175.1 
180 



FR II 
FR II 
FR II 
FR II 
FR II 

QSR 
FR II 

QSR 
FR II 
FR II 



06 43 
06 45 
06 51 

06 55 

07 02 
07 02 
07 09 
07 13 
07 14 
07 27 



07.400 

24.098 

15.355 

14.722 

08.075 

17.60 

18.084 

02.400 

04.682 

04.880 



+ 23 19 03.00 
+ 21 21 51.30 
+45 09 26.22 
+ 54 08 57.46 
+ 25 13 46.30 
+ 37 57 19.5 
+ 74 49 31.89 
+ 11 46 14.65 
+ 14 36 22.00 
-02 04 30.33 



0.2957 

0.2449 

0.633 

0.2384 

0.5191 

1.035 

0.2921 

0.77 

0.92 

0.22 



Massaro et al. (2010) 
Massaro et al. (2012) 



Massaro et al. (2010) 



Hardcastle et al. (2004) 



Massaro et al. (2012) 



181 
184 
184.1 
186 
187 
190 
191 
192 
194 
196 



QSR 
FR II 
FR II 

QSR 
FR II 

QSR 
QSR 
FR II 

UNO 
QSR 



07 28 
07 39 
07 43 
07 44 

07 45 

08 01 
08 04 
08 05 
08 10 
08 13 



10.305 

24.471 

01.394 

17.452 

04.46 

33.559 

47.972 

34.996 

03.619 

36.033 



+ 14 
+ 70 
+ 80 
+ 37 
+ 02 
+ 14 
+ 10 
+ 24 
+42 
+48 



37 36.24 
23 10.88 
26 26.09 
53 17.15 
00 08.70 

14 42.94 

15 23.69 
09 50.34 
28 04.31 
13 02.56 



1.382 

0.994 

0.1182 

1.067 

0.350 

1.1944 

1.956 

0.0597 

1.184 

0.871 



Wilkes et al. (2013) 

Massaro et al. (2010) 
Siemiginowska et al. (2005) 
this -work 

Wilkes et al. (2013) 
Sambruna et al. (2004) 
Hodges-Kluck et al. (2010) 



196.1 
197.1 
198 
200 
204 
205 
207 
208 
208.1 
210 



FR II 
FR II 
FR II 
FR II 

QSR 
QSR 
QSR 
QSR 

UNO 
UNO 



08 15 28.10 
08 21 33.605 
08 22 31.80 
08 27 25.397 
08 37 44.956 
08 39 06.459 
08 40 47.588 
08 53 08.609 
08 54 39.289 
08 58 09.961 



-03 08 28.00 
+47 02 37.40 
+ 05 57 07.90 
+ 29 18 44.90 
+ 65 13 34.92 
+ 57 54 17.12 
+ 13 12 23.56 
+ 13 52 54.98 
+ 14 05 52.56 
+ 27 50 51.57 



0.198 

0.1301 

0.0815 

0.458 

1.112 

1.534 

0.6808 

1.1115 

1.02 

1.169 



Massaro et al. (2012) 
Massaro et al. (2010) 
Massaro et al. (2012) 
Hardcastle et al. (2004) 
Wilkes et al. (2013) 
Wilkes et al. (2013) 
Brunetti et al. (2002) 
Wilkes et al. (2013) 
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F. Massaro et al. 2013 



3CR 


Other 


Class 


R.A. 




Dec. 






z 


Chandra 


Reference 


X-ray 


name 


name 




(J2000) 


(J2000) 






obs. 




notes 


212 




QSR 


08 


58 


41.498 


+ 14 


09 


43.97 


1.048 


1 


Aldcroft et al. (2003) 


h 


213.1 




FR I 


09 


01 


05.269 


+ 29 


01 


46.88 


0.1937 


1 


Massaro et al. (2010) 


cl,h 


215 




QSR 


09 


06 


31.873 


+ 16 


46 


11.87 


0.4121 


1 


Hardcastle et al. (2004) 


- 


216 




QSR 


09 


09 


33.497 


+ 42 


53 


46.48 


0.6702 


1 




- 


217 




FR II 


09 


08 


50.583 


+ 37 


48 


19.21 


0.8975 




- 


- 


219 




FR II 


09 


21 


08.623 


+ 45 


38 


57.39 


0.1744 


1 


Comastri et al. (2003) 


cl,k 


220.1 




FR II 


09 


32 


39.646 


+ 79 


06 


31.53 


0.61 


1 


Worrall et al. (2001) 


xcl 


220.2 




QSR 


09 


30 


33.473 


+ 36 


01 


24.17 


1.1577 




- 


- 


220.3 




FR II 


09 


39 


22.52 


+ 83 


15 


24.5 


0.68 


1 


- 


- 


222 




FR I 


09 


36 


32.019 


+ 04 


22 


10.30 


1.339 








223 




FR II 


09 


39 


52.755 


+ 35 


53 


58.86 


0.1368 


1 


Massaro et al. (2012) 


cl 


223.1 




FR II 


09 


41 


24.019 


+ 39 


44 


41.62 


0.1075 


1 


Massaro et al. (2010) 


- 


225A 




UNC 


09 


42 


08.480 


+ 13 


51 


54.23 


1.565 






- 


225B 




FR II 


09 


42 


15.387 


+ 13 


45 


50.52 


0.58 


- 


- 


- 


226 




FR II 


09 


44 


16.376 


+ 09 


46 


19.25 


0.8177 


1 


- 


- 


227 




FR II 


09 


47 


45.163 


+ 07 


25 


20.34 


0.0858 


2 


Hardcastle et al. (2007a) 


h 


228 


- 


FR II 


09 


50 


10.791 


+ 14 


20 


00.63 


0.5524 


2 


Belsole et al. (2006) 


- 


230 




UNC 


09 


51 


58.826 


-00 01 27.23 


1.487 




- 


- 


231 


M82 


FR I 


09 


55 


52.725 


+ 69 


40 


45.78 


0.00067 


26 


- 


- 


234 


- 


FR II 


10 


01 


49.526 


+ 28 


47 


08.87 


0.1848 


1 


Massaro et al. (2012) 


h 


236 




FR II 


10 


06 


01.735 


+ 34 


54 


10.43 


0.1005 


2 


_ 


. 


237 




FR II 


10 


08 


00.030 


+ 07 


30 


16.35 


0.877 




- 


- 


238 




UNC 


10 


11 


00.379 


+ 06 


24 


39.72 


1.405 


- 


- 


- 


239 




FR II 


10 


11 


45.415 


+ 46 


28 


19.75 


1.781 




- 


- 


241 




FR II 


10 


21 


54.527 


+ 21 


59 


30.71 


1.671 


1 


Wilkes et al. (2013) 


- 


244.1 




FR II 


10 


33 


33.98 


+ 58 


14 


35.70 


0.428 


1 


this work 


cl 


245 




QSR 


10 


42 


44.605 


+ 12 


03 


31.26 


1.0286 


1 


Sambruna et al. (2004) 


- 


247 




FR II 


10 


58 


58.785 


+ 43 


01 


23.12 


0.7489 




- 


- 


249 




QSR 


11 


02 


03.848 


-01 16 : 


L7.39 


1.554 


- 


- 


- 


249.1 




QSR 


11 


04 


13.686 


+ 76 


58 


58.02 


0.3115 


1 


Stockton et al. (2006) 


- 


250 




FR II 


11 


08 


52.129 


+ 25 


00 


54.61 


7 




_ 


_ 


252 




FR II 


11 


11 


32.990 


+ 35 


40 


41.64 


1.1 


1 


Wilkes et al. (2013) 


- 


254 




QSR 


11 


14 


38.736 


+ 40 


37 


20.47 


0.7361 


1 


Donahue et al. (2003) 


h 


255 




QSR 


11 


19 


25.238 


-03 02 51.50 


1.355 




- 


- 


256 




UNC 


11 


20 


43.024 


+ 23 


27 


55.22 


1.819 


1 


- 


- 


257 




UNC 


11 


23 


09.172 


+ 05 


30 


19.47 


2.474 






- 


258 




UNC 


11 


24 


43.881 


+ 19 


19 


29.50 


0.165? 


1 


Massaro et al. (2012) 


cl 


263 




QSR 


11 


39 


57.043 


+ 65 


47 


49.38 


0.646 


1 


Hardcastle et al. (2002b) 


h 


263.1 




FR II 


11 


43 


25.084 


+ 22 


06 


56.11 


0.824 


1 




- 


264 


NGC3862 


FR I 


11 


45 


05.009 


+ 19 


36 


22.74 


0.0217 


1 


Evans et al. (2006) 


cl,k 


265 




FR II 


11 


45 


28.991 


+ 31 


33 


49.43 


0.811 


1 


Bondi et al. (2004) 


h 


266 




FR II 


11 


45 


43.367 


+ 49 


46 


08.24 


1.275 


1 


Wilkes et al. (2013) 


- 


267 




FR II 


11 


49 


56.566 


+ 12 


47 


19.07 


1.14 


1 


Wilkes et al. (2013) 


- 


268.1 




FR II 


12 


00 


19.210 


+ 73 


00 


45.70 


0.97 


1 


- 


- 


268.2 




FR II 


12 


00 


58.61 


+ 31 


33 


19.90 


0.362 


1 


this work 


h 


268.3 


- 


FR II 


12 


06 


24.699 


+ 64 


13 


36.80 


0.3717 


2 


- 


cl 


268.4 




QSR 


12 


09 


13.617 


+ 43 


39 


20.96 


1.3978 


1 


Wilkes et al. (2013) 


- 


270 


NGC4261 


FR I 


12 


19 


23.220 


+ 05 


49 


30.77 


0.00746 


2 


Chiaberge et al. (2003) 


cl,k 


270.1 


- 


QSR 


12 


20 


33.875 


+ 33 


43 


12.05 


1.5324 


2 


Wilkes et al. (2013) 


- 


272 




FR II 


12 


24 


28.52 


+ 42 


06 


36.3 


0.944 




- 


- 


272.1 


M84 


FR I 


12 


25 


03.743 


+ 12 


53 


13.14 


0.0035 


4 


Harris et al. (2002) 


cl,k 


273 




QSR 


12 


29 


06.699 


+ 02 


03 


08.59 


0.1583 


27 


Marshall et al. (2001) 


k 


274 


M87 


FR I 


12h30 


m49.423 


+ 12 


23 


28.04 


0.00436 


110 


Marshall et al. (2002) 


xcl,k 


274.1 




FR II 


12 


35 


26.66 


+ 21 


20 


34.8 


0.422 


1 


this work 


- 


275 




FR II 


12 


42 


19.89 


-04 46 20.1 


0.480 


1 


this work 


cl 


275.1 




QSR 


12 


43 


57.650 


+ 16 


22 


53.54 


0.5551 


1 


Crawford & Fabian (2003) 


k,h 


277 




UNC 


12 


51 


43.580 


+ 50 


34 


24.90 


0.414 






- 


277.1 


Q1250 + 568 


QSR 


12 


52 


26.349 


+ 56 


34 


19.66 


0.3198 


1 


Siemiginowska et al. (2008) 


- 


277.2 




FR II 


12 


53 


33.038 


+ 15 


42 


29.21 


0.766 




- 


- 


277.3 


Coma A 


FR II 


12 


54 


12.013 


+ 27 


37 


33.94 


0.0853 


3 
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3CR 

name 



Other 
name 



R.A. 
(J2000) 



(J2000) 



Chandra Reference 
obs. 



X-ray 
notes 



280 

280.1 

284 

285 

286 

287 

287.1 

288 

288.1 

289 



Q1328 + 254 



FR II 
QSR 

FR II 

FR II 
QSR 
QSR 

FR II 
FR I 
QSR 

FR II 



12 56 

13 00 
13 11 
13 21 
13 31 
13 30 
13 32 
13 38 
13 42 
13 45 



57.002 

33.304 

04.666 

17.877 

08.287 

37.690 

53.257 

49.87 

13.273 

26.367 



+47 20 
+40 09 
+ 27 28 
+42 35 
+ 30 30 
+ 25 09 
+ 02 00 
+ 38 51 
+ 60 21 
+49 46 



19.87 

07.72 

07.15 

15.16 

32.95 

10.87 

45.60 

09.2 

42.85 

32.59 



0.996 

1.6713 

0.2394 

0.0794 

0.8493 

1.055 

0.2156 

0.246 

0.9645 

0.9674 



Donahue et al. (2003) cl, 

Massaro et al. (2012) 
Hardcastle et al. (2007b) 

Siemiginowska et al. (2008) 
Massaro et al. (2010) h 

Lai et al. (2010) xc: 



292 
293 
293.1 
294 
295 
296 
297 
298 
299 
300 



NGC5532 
Q1416 + 067 



FR II 
FR I 
FR II 
FR II 
FR II 
FR I 
QSR 
QSR 
FR II 
FR II 



13 50 
13 52 

13 54 

14 06 
14 11 
14 16 
14 17 
14 19 
14 21 
14 22 



42.04 

17.789 

40.97 

44.022 

20.519 

52.950 

23.999 

08.180 

05.58 

59.861 



+ 64 29 30.6 
+ 31 26 46.44 
+ 16 14 50.1 
+ 34 11 25.10 
+ 52 12 09.97 
+ 10 48 26.60 
-04 00 47.54 
+ 06 28 34.80 
+41 44 48.5 
+ 19 35 36.72 



0.71 

0.045 

0.709 

1.779 

0.4641 

0.0247 

1.4061 

1.4373 

0.367 

0.27 



Massaro et al. (2010) 

Fabian et al. (2001) xcl,h 

Harris et al. (2000) cl,h 

Hardcastle et al. (2005a) k 

Siemiginowska et al. (2008) 

cl 
Massaro et al. (2010) 



300.1 

303 

303.1 

305 

305.1 

306.1 

309.1 

310 

313 

314.1 



Q1458 + 718 



UNO 
FR I 
UNO 
FR II 
FR II 
FR II 
QSR 
FR I 
FR II 
FR I 



14 28 
14 43 
14 43 
14 49 
14 47 
14 55 

14 59 

15 04 
15 11 
15 10 



31.314 

02.780 

14.800 

21.661 

09.56 

01.40 

07.583 

57.10 

00.03 

27.064 



-01 24 07.97 
+ 52 01 37.27 
+ 77 07 29.00 
+ 63 16 14.12 
+ 76 56 21.8 
-04 20 59.8 
+ 71 40 19.86 
+ 26 00 56.88 
+ 07 51 50.1 
+ 70 46 07.37 



1.1588 

0.1411 

0.267 

0.0416 

1.132 

0.441 

0.905 

0.0538 

0.461 

0.1197 



Kataoka et al. (2003b) cl 

Massaro et al. (2010) 
Massaro et al. (2009b) 

this work cl 
Siemigino-wska et al. (2008) 

Kraft et al. (2012) xc 

this work h 

Massaro et al. (2012) cl 



315 
317 
318 

318.1 
319 
320 
321 
322 
323 

323.1 



FR I 
FR I 
FR II 
UNO 
FR II 
FR II 
FR II 
FR II 
UNO 
QSR 



15 13 
15 16 
15 20 
15 21 
15 24 
15 31 
15 31 
15 35 
15 41 
15 47 



40.054 

44.489 

05.448 

51.851 

05.640 

25.37 

43.512 

01.230 

45.534 

43.545 



+ 26 
+ 07 
+ 20 
+ 07 
+ 54 
+ 35 
+ 24 
+ 55 
+ 60 
+ 20 



07 30.06 
01 17.85 
16 05.76 
42 31.75 
28 18.40 
33 40.0 
04 18.82 
36 52.87 
15m35.07 
52 16.54 



0.1083 

0.0344 

1.574 

0.0453 

0.192 

0.342 

0.0961 

1.681 

0.679 

0.2643 



Massaro et al. (2010) 
Blanton et al. (2001) 
Wilkes et al. (2013) 
Mazzotta et al. (2002) 
Massaro et al. (2012) 
this work 
Hardcastle et al. (2004) 



Massaro et al. (2010) 



cl 



324 
325 
326 

326.1 
327 

327.1 
330 
332 
334 
336 



FR II 
FR II 
FR II 
FR II 
FR II 
UNO 
FR II 
FR II 
QSR 
QSR 



15 49 
15 49 
15 52 

15 56 

16 02 
16 04 
16 09 
16 17 
16 20 
16 24 



48.897 

58.424 

09.14 

10.068 

27.375 

45.38 

36.607 

42.540 

21.819 

39.086 



+ 21 
+ 62 
+ 20 
+ 20 
+ 01 
+ 01 
+ 65 
+ 32 
+ 17 
+ 23 



25 38.06 
41 21.66 
05 35.8 
04 20.44 
57 56.16 
17 50.3 
56 43.61 
22 34.49 
36 24.01 
45 12.20 



1.2063 

1.135 

0.0895 

1.825 

0.1048 

0.462 

0.55 

0.1515 

0.5551 

0.9273 



Hardcastle et al. (2009) 



Hardcastle et al. (2007a) 
this work 

Hardcastle et al. (2002b) 
Massaro et al. (2010) 
Hardcastle et al. (2002a) 



337 
338 
340 
341 
343 
343.1 
345 
346 
348 
349 



NGC6166 



1641 + 399 
Hercules A 



FR II 
FR I 

FR II 

FR II 
QSR 

FR II 
QSR 
FR I 
FR I 

FR II 



16 28 
16 28 
16 29 
16 28 
16 34 
16 38 
16 42 
16 43 
16 51 
16 59 



52.846 

38.480 

36.932 

03.98 

33.789 

28.193 

58.809 

48.599 

08.147 

28.893 



+44 
+ 39 
+ 23 
+ 27 
+ 62 
+ 62 
+ 39 
+ 17 
+ 04 
+47 



19 05.08 

33 05.60 

20 14.42 
41 39.3 
45 35.81 

34 44.31 
48 36.99 
15 49.46 
59 33.32 
02 55.04 



0.635 

0.03035 

0.7754 

0.448 

0.988 

0.75 

0.5928 

0.162 

0.154 

0.205 



Johnstone et al. (2002) 



Sambruna et al. (2004) 
Donato et al. (2004) 
Nulsen et al. (2005) 
Massaro et al. (2010) 



cl 

xcl 
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F. Massaro et al. 2013 



3CR 

name 



Other 
name 



R.A. 
(J2000) 



(J2000) 



Chandra Refen 
obs. 



X-ray 
notes 



351 
352 
353 
356 
357 
368 
371 
379.1 
380 
381 



FR II 
FR II 
FR II 
FR II 
FR II 
FR II 
BL 
FR II 
QSR 
FR II 



17 04 
17 10 
17 20 
17 24 

17 28 

18 05 
18 06 
18 24 
18 29 
18 33 



41.376 
44.106 
28.158 
19.041 
20.109 
06.454 
50.680 
32.976 
31.780 
46.301 



+ 60 44 30.50 
+ 46 01 28.56 
-00 58 46.62 
+ 50 57 40.14 
+ 31 46 02.58 
+ 11 01 35.06 
+ 69 49 28.10 
+ 74 20 59.00 
+ 48 44 46.16 
+ 47 27 02.61 



0.3719 

0.8067 

0.0304 

1.079 

0.1662 

1.131 

0.051 

0.256 

0.692 

0.1605 



Brunetti et al. (2001) 

Kataoka et al. (2008) 
Wilkes et al. (2013) 
Massaro et al. (2012) 
V^ilkes et al. (2013) 
Pesce et al. (2001) 
Massaro et al. (2012) 
Marshall et al. (2005) 
Massaro et al. (2010) 



382 
386 
388 
389 
390 

390.3 
394 

399.1 
401 
402 



FR II 
FR I 

FR II 
UND 
UND 

FR II 
UND 

FR II 

FR II 
FR I 



18 35 
18 38 
18 44 
18 45 
18 45 
18 42 

18 59 

19 15 
19 40 
19 41 



03.390 

26.255 

02.40 

41.50 

37.621 

08.989 

23.362 

56.763 

25.117 

45.899 



+ 32 41 46.80 
+ 17 11 49.28 
+ 45 33 29.7 
-03 07 01.92 
+ 09 53 44.71 
+ 79 46 17.12 
+ 12 59 12.09 
+ 30 19 53.79 
+ 60 41 34.94 
+ 50 35 45.86 



0.0578 
0.0168 
0.0917 



0.2011 
0.0239 



Glic 



L et al. (2007) 



Hodges-Kluck et al. (2010) cl 



Hardcastle et al. (2007a) 



Reynolds et al. (2005) 
Massaro et al. (2012) 



xcl 

cl,k 



403 

403.1 

405 

409 

410 

411 

415.2 

418 

424 

427.1 



FR II 
FR II 
FR II 
FR II 
FR II 
FR II 
UND 
QSR 
FR I 
FR II 



19 52 
19 52 

19 59 

20 14 
20 20 
20 22 
20 32 
20 38 

20 48 

21 04 



15.809 

30.50 

28.356 

27.596 

06.60 

08.44 

46.115 

37.034 

12.087 

06.865 



+ 02 30 24.18 
-01 17 18.00 
+ 40 44 02.09 
+ 23 34 52.91 
+ 29 42 14.20 
+ 10 01 11.30 
+ 53 45 50.14 
+ 51 19 12.66 
+ 07 01 17.17 
+ 76 33 10.82 



0.059 

0.0554 

0.056 

? 

0.2485 

0.467 

1.686 
0.127 
0.572 



Kraft et al. (2005) 
Massaro et al. (2012) 
Wilson et al. (2002) 

Massaro et al. (2012) 
this -work 



Massaro et al. (2012) 
Hardcastle et al. (2004) 



k,h 

cl 

xcl,h 



428 
430 
431 
432 
433 
434 
435B 
436 
437 
438 



UND 
FR II 
UND 
QSR 
FR I 
FR II 
FR II 
FR II 
FR II 
FR II 



21 08 22.39 
21 18 19.094 
21 18 52.580 
21 22 46.329 
21 23 44.534 
21 23 16.24 
21 29 06.10 
21 44 11.743 
21 47 25.106 
21 55 52.290 



+ 49 
+ 60 
+ 49 

+ 17 
+ 25 
+ 15 
+ 07 
+ 28 
+ 15 
+ 38 



36 37.6 
48 07.77 
36 58.80 
04 37.95 
04 11.88 
48 05.80 
32 54.80 
10 18.91 
20 37.49 
00 29.62 



1.785 

0.1016 

0.322 

0.865 

0.2145 

1.48 

0.29 



Massaro et al. (2012) 

Erlund et al. (2006) 

Miller & Brandt (2009) 

this -work 

this work 

Massaro et al. (2012) 

Wilkes et al. (2013) 

Hardcastle et al. (2004) 



441 

442 

445 

449 

452 

454 

454.1 

454.2 

454.3 

455 



FR II 
FR I 

FR II 
FR I 

FR II 
QSR 

FR II 
UND 
QSR 
QSR 



22 06 
22 14 
22 23 
22 31 
22 45 
22 51 
22 50 
22 52 
22 53 
22 55 



04.916 

46.90 

49.530 

20.9 

48.77 

34.736 

32.937 

05.41 

57.747 

03.889 



+ 29 29 19.98 
+ 13 50 24.00 
-02 06 12.85 
+ 39 21 48.00 
+ 39 41 15.99 
+ 18 48 40.12 
+ 71 29 19.18 
+ 64 40 10.42 
+ 16 08 53.56 
+ 13 13 33.99 



0.708 

0.0263 

0.0558 

0.0171 

0.0811 

1.757 

1.841 

0.859 
0.543 



Hardcastle et al. (20007b) 
Perlman et al. (2010) 
Evans et al. (2006) 
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Fig. 4. — The X-ray image of 3C 16 for the energy band 0.5-7 keV. The event file has not been regridded so the pixel size is 0.492^^ 
The image has been smoothed with a Gaussian of FWHM=4^^ Since there is only a marginal detection of an X-ray nucleus, the map has 
not been registered. The small square (cyan or black) marks the location of the optical identification: a faint galaxy with a companion 
(IRiley et al. 1980). The radio contours (black) come from an 8.4 GHz map kindly supplied by M. J. Hardcastle ( Gilbert et al. 2004|) and 
start at 0.1 mJy/beam, increasing by factors of two. The clean beam is 2.5^^ 
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Fig. 5. — The X-ray image of 3C 19 for the energy band 0.5-7 keV. The event file has been regridded to a pixel size of 0.123^^ and 
smoothed with a Gaussian of FWHM=1.3^^ X-ray contours (white or cyan) start at 0. 03 counts /pix and in crease by factors of two. The 
radio contours (black) come from a 4.86 GHz map kindly supplied by M. Hardcastle (|Gilbert et al. 2004|) and start at 0.4 mJy/beam, 
increasing by factors of four. The clean beam is OA" . 



A Chandra Snapshot Survey for 3C Radio Galaxies with 0.3<z<0.5 



17 



15.0 

'10,0 



05.0 



29:03:00.0 



55.0 




02:50.0 



31.5 31.0 

E I I I I I I I 



3C42 : 




li 



i i 



30.5 1:^8:30.0 29.5 

■ . . I . ■ . 



J. 



X 



' ■ 



o 



C 



-I 



29.0 



0.00023 0.0006& 0.001 S 0.0034 0.0071 0.014 0.QS3 0.0S& 0.12 0.23 



Fig. 6. — The X-ray image of 3C42 for the energy band 0.5-7 keV. The event file has been regridded to a pixel size of 0.0615^^ and 
smoothed with a Gaussian of FWHM=0.5^^ X-ray contours (white or cyan) start at 0.025 counts/pix and increase by factors of two. The 
radio contours (black) come from an 8.4 GHz map kindly supplied by M. Hardcastle (Gilbert et al. 2004) and start at 0.1 mJy/beam, 
increasing by factors of four. The clean beam is 0.4^^ FWHM. The insert shows an enlarged version of the nucleus. 
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Fig. 7. — The X-ray image of 3C 46 for the energy band 0.5-7 keV. The event file has been regridded to a pixel size of 0.246^^ and smoothed 
with a Gaussian of FWHM=1.45^^ The radio contours (black) come from a 1.5 GHz map from the DRAGN website and downloaded from 
NED. The contours start at 1 mJy/beam, increasing by factors of four (but with an extra contour at 2 mJy/beam). The clean beam is 
4.2^^ 
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Fig. 8. — The X-ray image of 3C67 for the energy band 0.5-7 keV. The event file has been regridded to a pixel size of 0.0615^^ and 
smoothed with a Gaussian of FWHM=0.22^^ The radio contours (black) come from an 8.4 GHz VLA map kindly supplied by M. 
Hardcastle (|Gilbert et al. 2004|) and start at 0.25 mJy/beam, increasing by factors of four. The clean beam is 0.2^^ 
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Fig. 9. — The X-ray image of 3C 103 for the energy band 0.5-7 keV. The event file has been regridded to a pixel size of 0.123^^ and 
smoothed with a Gaussian of FWHM=0.43^^ The radio contours (black) come from an 8.44 GHz VLA map kindly supplied by G. G. 
Gheung, and start at 0.3 mJy/beam, increasing by factors of four. The clean beam is 0.37^^ 
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Fig. 10. — The X-ray image of 3C 187 for the energy band 0.5-7 keV. The event file has been regridded to a pixel size of 0.246^^ 
and smoothed with a Gaussian of FWHM=2.0^^ The radio contours (black) come from a 1.4 GHz map constructed from archival u,v 
data, and start at 1 mJy/beam, increasing by factors of four. The clean beam is 3.0^^ Registration of the X-ray image is approximate 
since there is no well defined X-ray nucleus. The VLA image at 1.4 GHz have been obtained via AIPS standard reduction procedure 
(|http://www.aips.nrao.edu/cook.html). 
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Fig. 11. — The X-ray image of 3C 244.1 for the energy band 0.5-7 keV. The event file has been regridded to a pixel size of 0.123^^ and 
smoothed with a Gaussian of FWHM=0.72^^ The radio contours (black) come from a 8.45 GHz map kindly supplied by M. Hardcastle 
([Gilbert et al. 2004|) and start at 0.1 mjy/beam, increasing by factors of four. The clean beam is 0.4^^ 
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Fig. 12. — The X-ray image of 3C 268.2 for the energy band 0.5-7 keV. The event file has been regridded to a pixel size of 0.246^^ and 
smoothed with a Gaussian of FWHM=2.0^^ The radio contours (black) come from a 1.4 GHz map downloaded from NED and start at 5 
mJy/beam, increasing by factors of four. The clean beam is 2.7^^ x 2.b" with major axis in PA=-69°. Since no radio nucleus was detected, 
the X-ray image has not been registered. The insert shows an enlarged version of the nuclear region. In this case, the event file has been 
regridded to a pixel size of 0.0615^^ and smoothed with a Gaussian of FWHM=0.8^^ X-ray contours (white or black) are 0.005, 0.01, and 
0.02 counts/pix. 
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Fig. 13. — The X-ray image of 3C 274.1 for the energy band 0.5-7 keV. The event file has been regridded to a pixel size of 0.246^^ and 
smoothed with a Ga ussian of FWHM=1.45^^ The radio contours (black) come from an 8.5 GHz map kindly supplied by M. Hardcastle 
(|Gilbert et al. 2004|) and start at 0.125 mJy/beam, increasing by factors of four. The clean beam is 1.0^^ 
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Fig. 14. — The X-ray image of 3C 275 for the energy band 0.5-7 keV. The event file has been regridded to a pixel size of 0.0615^^ and 
smoothed with a Gaussian of FWHM=0.5^^ The radio contours (black) come from an 8.4 GHz map downloaded from the NVAS and start 
at 2 mJy/beam, increasing by factors of four. The clean beam is 0.34^^ x 0.24^^ with major axis in PA=52°. No clear detection of the radio 
nucleus has been found on the maps available to us (L,C,X, and U bands); thus the X-ray map has not been registered. 
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Fig. 15. — The X-ray image of 3C 306.1 for the energy band 0.5-7 keV. The event file has been regridded to a pixel size of 0.123^^ and 
smoothed with a Gaussian of FWHM=1^^ The radio contours (black) come from an 8.4 GHz VLA map kindly supplied by C. C. Cheung, 
and start at 0.5 mJy/beam, increasing by factors of four. The clean beam is 0.31^^ There are two counts aligned with the S hotspot. 
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Fig. 16. — The X-ray image of 3C313 for the energy band 0.5-7 keV. The event file has been regridded to a pixel size of 0.246'^ and 
smoothed with a Gaussian of FWHM=2.0^^ The radio contours (black) come from a 1.4 GHz map constructed from archival VLA data 
and start at 15 mJy/beam, increasing by factors of two. The clean beam is 5" . The VLA image at 1.4 GHz have been obtained via AIPS 
standard reduction procedure (http://www.aips.nrao.edu/cook.html). 
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Fig. 17. — The X-ray image of 3C320 for the energy band 0.5-7 keV. The event file has been regridded to a pixel size of 0.123" and 
smoothed with a Gaussian of FWHM=2.5". X-ray contours (white or cyan) start at 0.02 counts/pix and increase by factors of two. The 
radio contours (black) come from a 4.9 GHz map downloaded from the NVAS and start at 0.5 mjy/beam, increasing by factors of two. 
The clean beam is 0.40" x 0.36" with major axis in PA=-47°. 
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Fig. 18. — The X-ray image of 3C 327.1 for the energy band 0.5-7 keV. The event file has been regridded to a pixel size of 0.0615" and 
smoothed with a Gaussian of FWHM=0.8". X-ray contours (white or cyan) start at 0.01 counts/pix and increase by factors of two. The 
radio contours (black) come from a 4.9 GHz map kindly supplied by R. Morganti and start at 1 mjy/beam, increasing by factors of four. 
The clean beam is 0.39" xO.36" with major axis in PA =-38°. As indicated by the lowest X-ray contour, the S jet seems to be marginally 
detected. 
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Fig. 19. — The X-ray image of 3C341 for the energy band 0.5-7 keV. The event file has been regridded to a pixel size of 0.123^^ and 
smoothed with a Gaussian of FWHM=1.0^^ The radio contours (black) come from an 8.5 GHz map kindly supplied by M. J. Hardcastle 
([Gilbert et al. 2004) and start at 0.25 mJy/beam, increasing by factors of four. The clean beam is 1.5^^ 
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Fig. 20. — The X-ray image of 3C411 for the energy band 0.5-7 keV. The event file has been regridded to a pixel size of 0.0615^^ and 
smoothed with a Gaussian of FWHM=0.5^^ The radio contours (black) come from a 4.9 GHz map downloaded from NED and start at 4 
mjy/beam, increasing by factors of four. The clean beam is 1.6^^ x l.b" with major axis in PA=57°. 
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Fig. 21. — The X-ray image of 3C434 for the energy band 0.5-7 keV. The event file has been regridded to a pixel size of 0.123^^ and 
smoothed with a Gaussian of FWHM=0.72^^ The radio contours (black) come from a 4.9 GHz map constructed from archival VLA data 
and start at 0.5 mJy/beam, increasing by factors of four. The clean beam is 0.54^^ x 0.38^^ with maior axis in PA=66 °. The VLA image 
at 4.9 GHz have been obtained via AIPS standard reduction procedure (,http: //www. aips.nrao.edu/cook.htmlJ. 



A Chandra Snapshot Survey for 3C Radio Galaxies with 0.3<z<0.5 



33 



^^31 



3C435 



10-0 



05-0 



7:33:00-0 



55-0 




50-0 



45-0 



32:40-0 



08-0 




07-5 21:29:07-0 06-5 



06-0 



05-5 



05-0 



0.0027 0.0081 



0.019 



0.041 



0.084 



0.17 



0.34 



0.69 



1.4 



2.7 



Fig. 22. — The X-ray image of 3C435 for the energy band 0.5-7 keV. The event file has been regridded to a pixel size of 0.123^^ and 
smoothed with a Gaussian of FWHM=1.0^^ The radio contours (black) come from a 1.4 GHz map downloaded from NED and start at 4 
mJy/beam, increasing by factors of four. The clean beam is 2.6^^ There are two FRII radio galaxies in proximity (see McCart hy et al. 19891 
for more detials). X-ray emission was detected from the nucleus of the SE source (i. e., 3C435B, ;^300 counts), aligned with an unresolved 
radio component at 5 GHz. The NW radio galaxy (i.e., 3C435A |Spinrad et al. 1985| ), is not detected in the Chandra snapshot observation. 



